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Abstract
The Losero Formation has made an important contribution to the cultural 
ȱ ȱ ȱ ȱ	ȱ ¢ǯȱ ȱ ȱ ȱ Ĵȱ
appearance of this stone and its ease to be worked adds a number of signi-
ęȱ ȱ ȱ	ȱ ¢ǯȱ ȱ ȱ ȱȱ ȱ ȱ
ȱȱȱȱ	ȱȱȱȱȱȱǯȱȱ-
ro Formation is generally used as load-bearing material and, due to its 
 ȱ¢ǰȱȱȱ ȱȱ ȱ¡ȱǯȱ ȱȱ-
sents the main architectural elements in Guanajuato city, which is conside-
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strength, capillarity water absorption, apparent and real density, total po-
rosity) and durability using the salt crystallization test. The analytical re-









weathering typologies that, in order of importance and extension are: back 
 ǰȱȱǰȱǰȱǰȱȱȱęǯȱȱȱ
of decay depends on the textural fabric properties of the lithofacies, on the 
ȱĚ¡ȱȱȱȱȱĴȱǻȱǰȱ-
logical and micro-climatic conditions). The results obtained make it possi-
ble to choose suitable lithofacies for the replacement and substitution in 
the restoration processes in monument of the Guanajuato city.
Resumen
La Formación Losero juega un papel muy importante en la contribución al patrimo-
nio cultural y arquitectónico de la ciudad de Guanajuato debido a su atractivo color 
verde y su facilidad para ser trabajada. La Formación Losero fue la piedra natural de 
construcción más importante durante los siglos XVII y XIX en la ciudad de Guana-
juato, representa el principal elemento arquitectónico de la ciudad, la cual se con-
sidera Patrimonio de la Humanidad. Después de casi un siglo de exposición, la 
àȱȱȱȱȱȱȱȱęȱȱȱȱ
(corrosión, descamación, exfoliación, líquenes y formación de grietas). En la ma- 
yoría de los casos, el reemplazo total o parcial de estas rocas en los trabajos de restau-
ración no ha tenido éxito, por lo que es necesario tener una comprensión adecuada de 
las causas que provocan el deterioro de dichas rocas para posteriormente proponer 
metodologías para su conservación y restauración. En este trabajo se presentan los 
resultados de un estudio petrofísico de las ocho litofacies más usadas de la Formación 
Losero en la restauración y construcción de monumentos en la ciudad de Guana-
juato (Los Morados, La Veta, Coleto, El Blanquito, El Moyejón, El Verde, La Perla y 
La Cema), los nombres de las litofacies son informales y fueron denominados así por 
los canteros locales. Estas litofacies fueron investigadas por las técnicas de mi-
croscopía óptica, difracción de rayos X, microscopía electrónica de barrido (SEM) y 
propiedades físicas (resistencia a la compresión uniaxial, absorción de agua por cap-
ilaridad, densidad aparente y real, porosidad total y durabilidad usando la prueba de 
£àȱ ȱ Ǽǰȱ ȱ ȱ ęȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ
provocan el deterioro de dicho material y proponer un mejor uso de éstas. Los resul-
tados obtenidos demuestran que de las ocho litofacies estudiadas, La veta es la mejor 
litofacie de la Formación Losero, para utilizarse en columnas, pedestales, escaleras, 
pisos y zócalos, mientras que La Cema no es recomendable en pilares, balcones y pi-
Descriptores: 
 Formación Losero
 ciudad de Guanajuato
 petrografía
 petrofísica
 construcción y restauración
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Introduction
	ȱ¢ȱȱȱȱȱȱȱȱ
centuries was one of the most important cities in New 
ȱǰȱȱȱȱȱȱȱȱ
ȱȱ ȱ ȱ ȱ ǯȱ ¢ǰȱ 	-
najuato is the main mining area characterized by its 
ȱ ȱ Ȭȱ ǻȱ ŗǼǯȱ ȱ -
tury architecture in Guanajuato city was mainly 
neoclassical, the abundance of excellent material, obtai-
ned from the hills that the city itself merely adjusting 
ȱȱȱ¢ǯȱ
sos. La presencia de calcita y caolinita en La Veta y La Cema no la hacen favorable 
para usarla en exteriores. La Perla, El Moyejón y Coleto, constituyen un material 
ideal para columnas, pedestales, escaleras y pisos. Los Morados, El Blanquito y El 
Verde no son recomendables para uso en pilares, balcones y pisos debido a su baja 
resistencia y dureza. Estos materiales, a pesar de su diferente comportamiento, se 
ven afectados por factores similares de desgaste que, en orden de importancia y ex-
àȱǱȱǰȱǰȱàǰȱǰȱÇȱ¢ȱęǯȱȱ
tasa de deterioro depende de las propiedades de las litofacies, de la contaminación y 
ȱȱęàȱȱȱȱǻàȱȱǰȱȱȱ-
teorológicas y micro-climáticas). Los resultados obtenidos permiten seleccionar la 
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 ȱ¢ȱ ¢ȱěȱȱȱ¢ȱȱ	ǰȱ-
¢ȱȱȱȱȱȱȱȱǯȱ
ȱ ¢ȱ ¢ȱ ȱ 	ȱ ¢ȱ ȱ ę¢ȱ
ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱȱȱ¢ȱǻǰȱŗşŞřǼǯȱȱ
maximum stone exploitation was reached during the 
ęǰȱ  ȱ 	ȱ ¢ȱ  ȱ ȱ ¢ȱ
ȱȱȱøȱǰȱ·ȱÇȱȱ
ȱȱȱǯȱ ȱ ¡ȱ ȱ ȱ




is extracted for the restoration of monuments and cons-
ȱȱȱǻȱŘǼǯȱ
Among the numerous construction sites in Gua-
najuato city in which Losero Formation has been em-
¢ǰȱ ȱ ȃ	ȱ ¢ȱ ǻȱ ¢ǼȄǰȱ





color, physical and mechanical properties and the ease 
to be worked. Nowadays, many problems are reported 
 ȱȱǰȱȱȱȱ-
ȱȱ ǻǰȱ ǰȱ ȱȱȱ
ǼȱǻȱřǼǯȱ
The causes and mechanisms of the breakdown of 




Losero Formation. Although it is a widely used mate-
ȱ ȱ 	ȱ ¢ȱ ȱ ǰȱ Ĵȱ ȱ
know of their petrophysical and mineralogy characte-
ristic. Therefore, the aim for this research is mineralogi-
cal and petrophysical characterizations of the Losero 
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fects associated with the corrosion, scaling, spalling 
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱȱȱȱȱȱ




Losero as greenish sandstone detrital deposits formed 
¢ȱ ȱ  Ȭ¢ȱ ȱ ȱ ěǯȱ 	£ȱ et al. 
ǻŗşŚşǼǰȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ
ash, of uniform grain similar to the sandstone, are of 
¢ȱȱȱȱȱȱȱȱȱ












ked by) shallow water and Randall et alǯȱ ǻŗşşŚǼǰȱ Ȭ 
ȱ ȱ ȱ ȱ ȱ ȱ ěȱ ǰȱ
formed in lacustrine conditions. The origin and age of 
this deposit are still debated. The occurrence of the 
ȱǰȱȱȱȱȱȱ¢ȱ¡ȱ-
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cross lamination and horizontal laminated associated 






color and horizontal lamination. Ornamental stone 
¢ȱȱ ¢ȱȱȱȱ	ȱȱ-
ȱȱ¢ȱǯȱȱ ȱĴ-
ȱȱ ȱȱȱ¢ȱȱ  ȱȱ ȱȬ 
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the second is the application of mechanical and physi-
cal parameters of the materials sampled, such as: physi-
ȱȱǻ¢ȱ ȱǰȱȱȱȱ
¢ǰȱȱ¢Ǽǲȱȱȱǻ¡ȱ-




ȱ ȱȱ ȱ ȱ ȱ -
ȱȱ¢ȱȱ¢ȱ¢ȱŚŗȱ ǻǲȱ
ȱȱȱ£ȱǼǯȱȱ¢-
ses were performed on sixteen thin sections.
0LQHUDORJ\
ȱ¢ȱȱ ȱȱ ȱ ȱ
 ȱȱȱ¢ȱȬ¢ȱěȱǻǼȱȱȱ-
Ě¡ȱȱěȱȱȱKDȱƽȱŗǯśŚŗŞŝŚȱ#ȱ







ȱ ȱ ȱ ¢ȱ
ǻǼȱ ȱȱȱȱȱȱ¢£ȱȱȱ¡-
ȱ ǯȱ ȱ ȱ ȱ  ȱ ȱ
ȱ ȱ ȱ ȱ ȱ ȱ ȱȱ
Ȭȱȱȱȱȱȱȱȱȱ
conducting layer to the specimen. 
Physical test
&DSLOODULW\ZDWHUDEVRUSWLRQ
The amount of water absorbed as a function of time was 
ȱȱȱȱȱȱȱ
Ȭȱ ŗşŘśǰȱ ǻŗşşşǼǯȱ ȱ ¡ȱ ȱȱ ȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǻśȱ¡ȱ śȱ¡ȱ śǼȱ ȱ ȱ
ȱǻdǼȱȱȱ¢ȱȱȱǲȱǻi) masses 
ȱȱȱȱȱǲȱǻǼȱȱȱȱȱ-
der water in mŘǲȱǻǼȱȱȱȱȱȱȱȱ
ȱȱȱȱ ȱȱȱǻi) are measured 
ǰȱȱǲȱǻŗǼȱĜȱȱ ȱ-
tion by capillary perpendicular to the plane of anisotro-
py of the stone, in g/mŘ.sŖǯśǲȱ ǻŘǼȱ Ĝȱ ȱ  ȱ
absorption by capillary parallel to the plane of anisotro-
Lithofacie ȱ¢ȱǻĴǼ ȱ ȱ ¡





ȱ Lithicarkose Green 
Ȧȱȱȱ
uses, window sills, statues




ȱ¢ Feldspathic litharenite Green to cream ȱȱȱ Landscaping stone, walls
ȱ Lithicarkose Green to white
ȱȱ¢ȱȱ
green Ȧȱǰ
 Feldspathic litharenite Green ȱȱ¢ȱȱgreen ¡ȱ




ȱ Litharenite ȱ ȱȱ¢ȱȱ ¡ȱǰȱ ǰȱĚ
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py of the stone, in g/mŘ.sŖǯś. The capillarity absorption 
Ĝȱ ȱȱ ȱǻȱŗǼǱȱŗȱȱŘ = mi 
– md / A.ȱǆȱi.
$SSDUHQWDQGUHDOGHQVLW\
Apparent and real density test were carried out on six-
ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȬȱŗşřŜǰȱǻŘŖŖŜǼǯȱȱ¡ȱȱȱȱȱ
ȱȱȱȱȱǻśȱ¡ȱśȱ¡ȱśǼǯȱȱȱ
¢ȱ ȱȱ ȱǻȱŘǼǱȱb = md / ms - mh 
ǻȱrhǼǰȱ ȱǻdǼȱȱȱȱ¢ȱȱȱǲȱǻs) 
ȱȱȱȱȱǲȱǻh) mass of the spe-
ȱȱȱ ȱȱǲȱǻrh) water density in 
kilograms per cubic meter. The real density was the fo-
 ȱǻȱřǼǱȱr = me / VsȱǻrhǼǰȱ ȱǻe) is mass 
ȱȱȱ¢ȱȱȱǲȱǻsǼȱȱȱȱ
ȱȱȱ¢ȱȱȱe ǲȱǻrh) water density in 
kilograms per cubic meter.
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dicular to the sediment bedding in order to obtain infor-







Resistance to salt crystallization was tested using the 
ȱȱȱȬȱŗŘřŝŖȱǻŘŖŖŜǼǯ Ȭ
ȱȱȱȱ¢ȱ ȱȱȱȱ¢ȱ
the weathering susceptibility of the sixteen samples. 
For this purpose crystallization tests by means of so-
dium sulphate were carried out on a number of stone 
ȱǻśȱ¡ȱśȱ¡ȱśǼǯȱȱȱ¢£ȱ
tests typically use sodium sulphate because it is the 
ȱȱǰȱȱȱȱȱȱ
more rapidly than other salts. The test usually consists 
in immersing the rock wholly or partially in a solution 
containing a single salt. 




subrounded to angular and show a poor selection. Re-
garding to composition these sandstones are immature, 
with high contents of rock fragments in size from some 
ȱ ȱ ȱ ȱ ǯȱ ȱ
¢ȱ ȱȱȱ¡ȱ ȱǲȱ ȱ
ȱȱȱȱ¢ȱȱ£¤ǯȱȱ
microscopy analyses show that all the lithofacies pre-





ȱ ȱ ĵȬȱ ǻŗśȬřŞȱ ƖǼǯȱ ȱ ǰȱ ȱ
ǰȱȱ¢àǰȱȱǰȱȱȱȱ¡-
ȱ ȱ ȱ ȱ ȱ ĵȬȱ ǻŗŝȬŚŖƖǼǰȱ ȱ
 ȱȱȱȱȱǻŗśȬŗşƖǼȱȱȱ
 ȱȱȱȱȱǻŚȬŘŖƖǼȱǻȱśǼǯȱ
The analyses carried out according to the method of 
ȱ ǻŗşŞśǼȱ  ȱ ȱ ȱ ȱ ȱ ȱ
¢ȱ¢ȱ¢ȱĵȱǻřśƖǼǰȱȬ-
ȱ ǻŘŖƖǼǰȱ ȱ ȱȱȱ ǻĵȱ
ǻŗşƖǼǰȱ¢ȱ ǻŗŖƖǼǼȱȱȱ ǻȱ ǻŗŜƖǼǼǰȱ
ȱȱȱȱȱȱǻǼȱ
ǻȱśǼǯȱȱȱȱȱȱȱ-
ǯȱ ȱ ¡ȱ ȱ ȱ ȱ ęȬȱ ǯȱ
From petrography, the Losero Formation was identi-
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sults show that all sandstones present crystalline pha-
ȱ ȱ ĵȱ ȱ ȱ ȱ ȱ ȱ ȱ
ǯȱȱěȱ ȱȱȱȱ








ŘǯŚřȱȦř).These lithofacies no water swelling and 
 Ȭȱ¢ȱǻŘǯşŚȮŝǯśśƖǼȱȱȬȱ
¢ȱǻşǯŚŗȬŗŞǯśŚƖǼǯȱȱ¢ȱ ȱ-
ȱ ȱ ȱŘǯŞŚƖȱ ȱȱȱ ȱŚǯŜřȱƖȱ ȱȱ
ǯȱȱȱǰȱȱǰȱǰȱȱȱ-
ȱ ȱ¡ȱȱǰȱ ȱ-
ěȱ ȱ ȱȱȱ ȱȱǰȱ
ȱǰȱȱ¢àǰȱȱȱǯȱȱĜȱ
of water absorption by capillary perpendicular to the 
ȱȱ¢ȱ ȱȱȱǰȱȱ¢-
àǰȱȱȱǰȱ ȱȱȱŖǯŖŜȱȦŘ. sŖǯśȱȱŗŘŖȱ
ȱ ¢ǰȱ  ǰȱ ȱ ȱ  ȱ ȱ
 ȱȱǻŖǯŖŚȱȦŘ. sŖǯśǼǰȱȱȱǰȱȱ
ǰȱ ȱ ǰȱ ȱ ȱ ȱ  ȱ ȱ ȱ
ŖǯŖśȱȦŘ. sŖǯś ǻȱŝǼǯȱȱěȱ ȱ
specimens of the same lithofacies should be related 
ȱȱ¢ȱȱȱǯȱȱ ȱ -
¢ȱȱȱęȱěȱȱȱĜȱȱ























































ȱǻƖǼ Qm F Lt Qt F Lt Qp  Lm 

oxides
ȱ řŜ ŗś ŘŖ śŘ ŗś ŘŖ ŗŜ ŗś Řś ś Ś
La Veta řř ŗŝ ŗş Śś ŗŝ ŗş ŗŘ ŘŖ ŗş ŝ Ś
 řŗ ŘŜ ŗŚ Śś ŘŜ ŗŚ ŗŚ ś ŘŚ ŗŖ Ś
ȱ řŞ ŘŞ ŗŖ ŚŜ ŘŞ ŗŖ Ş ŗŖ ŗŖ ś Ś
ȱ¢ řŜ Řŝ ŗŚ ŚŜ Řŝ ŗŚ ŗŖ ŗŖ ŗŞ ś Ś
ȱ řř Řś ŗŜ Śř Řś ŗŜ ŗŖ Ś ŗŞ ŗŜ Ś
ȱ řŞ Řş ŗŘ śŖ Řş ŗŘ ŗŘ Ś ŘŖ ś Ś
ȱ ŚŖ řŖ ŗś śŖ řŖ ŗś ŗŖ ś ŗŜ ś Ś
D    E
F
Characterization petrophysical of the Losero Formation in the historical architecture of the Guanajuato city, Mexico













































































































Puy-Alquiza María Jesús, Miranda-Avilés Raúl, Salazar-Hernández Carmen, Vega-González Marina and Cervantes-Jauregui Jorge Armando
Ingeniería Investigación y Tecnología, volumen XIV (número 2), abril-junio 2013: 191-205 ISSN 1405-7743 FI-UNAM
Physic parameters







of the material. The results showed that the sixteen 




ȱ ǰȱ ȱ¢àǰȱ ǰȱ ȱ ȱ ȱ  ȱ ȱ
ȱȱǯȱ ȱ ȱ ȱȱ ȱȱ
ȱȱ ȱȱĴȱȱȱ ȱȱ
load was applied perpendicular to their planes. 
Durability (Salt crystallization test)
¢ȱ ȱȱȱȱȱ¢ȱȱ
sulphate salt crystallization. The salt crystallization test 
 ȱȱ ȱ ȱȱ ȱ¢ȱ ȱ ȱ
ȱȱȱȱ¢ȱ¢£ȱȱȱ
ȱǻȱȱǼǯȱȱŗśȱȱ¢£ȱ¢-
cles the specimen surface was inspected for change in 
appearance. A slight weight loss and gain was recorded 
for all the sandstones when submerged in the saline so-
lution. The material released was primarily rock frag-
ǯȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ řȱ ȱ
percentage. 
ȱ ȱȱ ȱȱȱȱǰȱȱ¢-
àǰȱ ȱ ǰȱ ǰȱ ȱǰȱ ȱ ȱǰȱ




ȱ ȱ ȱ ȱ ¡ȱ ȱ  ȱ ȱ
ȱȱȱǯȱȱ ȱ ȱ-
ǰȱ ȱ ¢ȱȱ ȱȱ ěȱ -
ȱ ȱ ȱ ȱ¢ȱěȱȱȱ
ȱ ¡ȱ ǯȱȱȱ ȱ ȱ
¡ȱȱȱęȱȱȱȱǰȱȱȱ-
ȱǻȱşǼǯȱ
ȱ ȱ ȱ ȱ¢à ȱ  La Veta ȱ
Apparent density
ǻȦř)
ŘǯŜŘŗ ŘǯŜŝŚ ŘǯŚřŜ Řǯŗŝř ŘǯřŖŜ ŘǯŘŗŚ ŘǯŚşŗ Řǯśřř
Real density
ǻȦř)
Řǯŝş Řǯŝśś ŘǯŝŞŞ ŘǯŝŚŞ Řǯŝśś ŘǯŝŗŞ Řǯŝś ŘǯŝŚ
ȱǻƖǼ ŚǯŜř ŚǯŚŖ řǯřŝ ŚǯśŞ ŚǯŘś řǯşś ŘǯŞŚ řǯŜŞ
Ĝȱȱ ȱȱ
by capillary perpendicular to the 
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Discussion and conclusions
ȱȱȱȱ¡ȱȱȱȱȱ
architecture of the ancient centre of Guanajuato, Losero 
Formation has been thoroughly studied here from di-
ěȱ ȱ ȱ  ǰȱ ¢ȱ¢ǰȱ -
phy, and mechanical. The Losero Formation in its 
ěȱȱȱȱ ¢ȱȱȱȱ-
nes in the historical and modern architecture of Gua-
najuato city. Among them, Losero Formation certainly 
represents an important case history, as this stone was 
ȱ ȱ ȱȱ ȱ¢ȱ ǲȱ ȱ
many cases, the most used lithofacies are La Veta, La 
ǰȱ ȱȱǯȱ ȱ ȱ ȱ ȱ ȱ
ȱ ȱ ěȱ ȱ  ȱ ȱ ¢ȱ ȱ
¢ȱ ȱ ȱ ěȱ ¢ȱ ǯȱ
ȱȱȱ¢ȱȱȱȱ
the Losero Formation allow us to classify the lithofacies 
as lithic arkose to litharenite. The petrographical stu-
ȱȱęȱěȱ ȱȱ-
ǯȱ ȱ ȱ ǰȱ ȱ ȱ ȱ ¡ȱ ȱ ȱ
composition while not so with the La Veta. The high 
percentage of lithic fragments content and a low per-
ȱȱĵȬȱ ȱȱȱ ȱ ȱ ȱ ȱ
ȱȱȱȱǻȱśǼǰȱ ȱ
ȱȱȱȱȱ¡ȱȱȱȱȱ
ĵȬȱ ȱ ȱ  ȱ ȱ ȱ ȱ
ȱ  ȱ ȱ ȱ ȱ ȱ ȱ
Parallel to the planes of anisotropy
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Formation. The presence of calcite and kaolinite in La 
ǰȱȱȱǰȱȱȱȱȱȱ
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ideal material for columns, pedestals, staircases, 
Ěǰȱȱǰȱȱ ȱȱȱȱ-
ȱȱǯȱȱǰȱȱǰȱȱǰȱ
ȱ ȱ ȱ ¡ȱ  ȱ ǰȱ ¢ȱ ȱ
Ĝȱȱ ȱȱȱȱ¢ȱȱȱ
ȱ ȱ ǰȱ ǰȱ ȱ Ěǯȱ ȱ¢àǰȱ ȱ
ǰȱȱȱȱȱȱȱȱȱȱ
ȱȱȱȱȱ¢ȱȱȱȱȱ
ȱ ǯȱ ȱ ¢£ǰȱ ȱȱ ȱ
Ěȱǰȱȱȱȱȱȱȱ
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Losero Formation are recommended for both the res-
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